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(57) ABSTRACT

A thin film transistor includes a gate electrode, a gate insu-
lating layer on the gate electrode, a semiconductor on the gate
insulating layer, and a drain electrode and a source electrode
on the semiconductor and spaced apart from each other. Each
ofthe drain electrode and the source electrode includes a first
metal diffusion preventing layer which prevents diffusion of
metal atoms, and a second metal diffusion preventing layer on
the first metal diffusion preventing layer. At least one of the
first and second metal diffusion preventing layers includes
grains in a columnar structure, which are in a direction sub-
stantially perpendicular to a lower layer. First grain bound-
aries of the first metal diffusion preventing layer and second
grain boundaries of the second metal diffusion preventing
layer are substantially discontinuous in a direction perpen-
dicular to the semiconductor.

11 Claims, 13 Drawing Sheets
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WIRING, THIN FILM TRANSISTOR, THIN
FILM TRANSISTOR PANEL AND METHODS
FOR MANUFACTURING THE SAME

This application claims priority to Korean Patent Applica-
tion Serial No. 10-2011-0016549 filed on Feb. 24, 2011, and
all the benefits accruing therefrom under 35 U.S.C. §119(a),
the disclosure of which is incorporated by reference herein
with its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a wiring, a thin film transistor, a
thin film transistor panel, and methods for manufacturing the
same.

2. Description of the Related Art

In general, wirings or electrodes including chrome (Cr),
aluminum (Al), molybdenum (Mo), or an alloy thereof are
mainly used in semiconductor devices or liquid crystal dis-
play devices. For microfabrication of the semiconductor
devices, due to high integration and a fast operating speed,
copper (Cu) which has a lower electric resistance and has a
higher resistance to electromigration and stress migration
compared to aluminum, has been used for wirings or elec-
trodes in semiconductor devices.

Even in the field of display devices represented by liquid
crystal display devices and the like, low-resistance wirings
are required due to the increase in resolution and display area,
and the integration of devices including sensors and driver
circuits, which may be integrated in the display devices.
Therefore, gate or data wirings made of copper, or gate, drain
and source electrodes of a thin film transistor (““TFT”"), which
are also made of copper, are applied to display devices.

However, when copper is used for wirings or electrodes,
the diffusion of copper into adjacent circuit elements or a
semiconductor layer of a TFT may degrade characteristics of
pixel elements or TFTs. Therefore, it is required to prevent
metal atoms, for example, copper atoms, contained in wirings
or electrodes from being spread around and diffused into
adjacent elements or layers.

BRIEF SUMMARY OF THE INVENTION

Exemplary embodiments of the invention address at least
the above-mentioned problems and/or disadvantages and
provide at least the advantages described below. Accordingly,
an exemplary embodiment of the invention provides a thin
film transistor (“TFT”) which prevents diffusion of copper,
and methods for manufacturing the same.

Another exemplary embodiment of the invention provides
a TFT panel having excellent reliability by applying copper
wirings thereto for large and high-resolution display devices,
and methods for manufacturing the same.

In accordance with one exemplary embodiment of the
invention, there is provided a TFT including a gate electrode,
a gate insulating layer on the gate electrode, a semiconductor
on the gate insulating layer, and a drain electrode and a source
electrode on the semiconductor and spaced apart from each
other. Each of the drain electrode and the source electrode
include a first metal diffusion preventing layer which prevents
diffusion of metal atoms, and a second metal diffusion pre-
venting layer on the first metal diffusion preventing layer. At
least one of the first and second metal diffusion preventing
layers includes grains in a columnar structure, which are in a
direction substantially perpendicular to a lower layer, and first
grain boundaries of the first metal diffusion preventing layer
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and second grain boundaries of the second metal diffusion
preventing layer are substantially discontinuous in a direction
perpendicular to the semiconductor.

In accordance with another exemplary embodiment of the
invention, there is provided a TFT panel including a gate
electrode connected to a gate wiring on an insulating sub-
strate, a gate insulating layer on the gate electrode, a semi-
conductor on the gate insulating layer, a drain electrode and a
source electrode on the semiconductor and spaced apart from
each other, and a pixel electrode connected to the drain elec-
trode and the source electrode. Each of the drain electrode and
the source electrode includes a first metal diffusion prevent-
ing layer, a second metal diffusion preventing layer, and a
source-drain layer on the second metal diffusion preventing
layer. At least one of the first and second metal diffusion
preventing layers includes grains in a columnar structure,
which are in a direction substantially perpendicular to a lower
layer, and first grain boundaries of the first metal diffusion
preventing layer and second grain boundaries of the second
metal diffusion preventing layer are substantially discontinu-
ous in a direction perpendicular to the semiconductor.

In accordance with a further exemplary embodiment of the
invention, there is provided a wiring including a first wiring
metal diffusion preventing layer on a substrate, a second
wiring metal diffusion preventing layer on the first wiring
metal diffusion preventing layer, and a metal wiring on the
second wiring metal diffusion preventing layer. At least one
of the first and second wiring metal diffusion preventing
layers is includes grains in a columnar structure, which are in
a direction substantially perpendicular to a lower layer, and
first grain boundaries of the first wiring metal diffusion pre-
venting layer and second grain boundaries of the second
wiring metal diffusion preventing layer are substantially dis-
continuous in a direction parallel to a direction of the grains.

In accordance with yet another exemplary embodiment of
the invention, there is provided a method for manufacturing a
TFT panel. The method includes forming a gate electrode
connected to a gate wiring on an insulating substrate, forming
a gate insulating layer on the gate electrode, forming a semi-
conductor on the gate insulating layer, forming a drain elec-
trode and a source electrode on the semiconductor and spaced
apart from each other, and forming a pixel electrode con-
nected to the drain electrode or the source electrode. The drain
and source electrodes including a first metal diffusion pre-
venting layer, a second metal diffusion preventing layer, and
a source-drain layer on the second metal diffusion preventing
layer are formed on the semiconductor. At least one of the first
and second metal diffusion preventing layers is formed to
include grains in a columnar structure, which have grown up
in a direction substantially perpendicular to a lower layer, and
first grain boundaries of the first metal diffusion preventing
layer and second grain boundaries of the second metal diffu-
sion preventing layer are formed substantially discontinu-
ously in a direction perpendicular to the semiconductor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the invention will become
more apparent by describing in detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

FIG. 1 is a cross-sectional view of an exemplary embodi-
ment of a thin film transistor (““TFT”’) according to the inven-
tion;

FIG. 2A is a transmission electron microscope (“TEM”)
image of a side cross-sectional view of a source electrode of
a conventional TFT;
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FIG. 2B is a graph illustrating a composition analysis made
along a thickness direction of one side of the source electrode
shown in FIG. 2A by the Time of Flight Secondary lon Mass
Spectrometry TOF-SIMS equipment;

FIGS. 3 to 13 are cross-sectional views illustrating an
exemplary embodiment of a method for manufacturing the
TFT shown in FIG. 1 according to the invention;

FIG. 14 is a plan view of an exemplary embodiment of a
TFT panel according to the invention;

FIG. 15 is a cross-sectional view taken along line 15-15' of
the TFT panel shown in FIG. 14; and

FIG. 16 is a cross-sectional view of an exemplary embodi-
ment of a wiring or an electrode according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary embodiments of the invention will now be
described in detail with reference to the accompanying draw-
ings. In the following description, specific details such as
detailed configuration and components are merely provided
to assist the overall understanding of exemplary embodi-
ments of the invention. Therefore, it should be apparent to
those skilled in the art that various changes and modifications
of the embodiments described herein can be made without
departing from the scope and spirit of the invention. In addi-
tion, descriptions of well-known functions and constructions
are omitted for clarity and conciseness.

Throughout the drawings, the same drawing reference
numerals will be understood to refer to the same elements,
features and structures.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, the element or layer can be directly on or connected to
another element or layer or intervening elements or layers. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. As used herein,
connected may refer to elements being physically and/or
electrically connected to each other. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

It will be understood that, although the terms first, second,
third, etc., may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.

Spatially relative terms, such as “lower,” “upper,” and the
like, may be used herein for ease of description to describe the
relationship of one element or feature to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “lower” relative to other elements or features
would then be oriented “upper” relative to the other elements
or features. Thus, the exemplary term “below” can encom-
pass both an orientation of above and below. The device may
be otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein inter-
preted accordingly.
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The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Embodiments of the invention are described herein with
reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as™), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

Exemplary embodiments of a thin film transistor (“TFT”)
and a manufacturing method thereof according to the inven-
tion will be described in detail with reference to FIGS. 1to 13.
FIG. 11is a cross-sectional view of an exemplary embodiment
ofaTFT according to the invention. FIG. 2A is a transmission
electron microscope (“TEM”) image of a side cross-sectional
view of a source electrode of a conventional TFT. FIG. 2B is
a graph illustrating a composition analysis made along a
thickness direction of one side of the source electrode shown
in FIG. 2A by the Time of Flight Secondary Ion Mass Spec-
trometry (“TOF-SIMS”) equipment. FIGS. 3 to 13 are cross-
sectional views illustrating an exemplary embodiment of a
method for manufacturing the TFT shown in FIG. 1 according
to the invention.

A structure of a TFT will now be described in detail with
reference to FIG. 1. The TFT illustrated in FIG. 1 is con-
structed such that a semiconductor layer is between a gate
electrode, and a metal diffusion preventing layer (or a metal
diffusion barrier) included in a source electrode or a drain
electrode, according to the invention.

A gate electrode 124 is on a transparent substrate 110
including single crystal, polycrystal, glass, or plastic materi-
als. In one exemplary embodiment of the invention, the gate
electrode 124 has a double-layer structure including a first
gate sub-electrode 1244 including titanium (T1) or a titanium
alloy, and a second gate sub-electrode 1245 including copper
(Cu) or a copper alloy. The gate electrode 124 controls a
current flowing through a channel formed between a source
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electrode 173 and a drain electrode 175 based on a voltage
being applied to the gate electrode 124. The gate electrode
124 may include a material selected from the group consist-
ing of Cr, Mo, Ti, Ta, Al, Cu, Ag and a mixture thereof. In the
alternative, the gate electrode 124 may have the following
double-layer or triple-layer structure. In exemplary embodi-
ments, for example, the double-layer structure may include
Al/Mo, AVTi, Al/Ta, AUNi, AUTiNx, Al/Co, Cu/CuMn,
Cu/Ti, Cu/TiN, or Cu/TiOx, while the triple-layer structure
may include Mo/Al/Mo, Ti/Al/Ti, Co/Al/Co, Ti/Al/Ti, TiN%/
Al/Ti, CuMn/Cu/CuMn, Ti/Cu/Ti, TiNx/Cuw/TiNx, or TiOx/
Cu/TiOx.

A gate insulating layer 140 is directly on the gate electrode
124. The gate insulating layer 140 may include an inorganic
insulating material, an organic insulating material, or an
organic/inorganic insulating material. The inorganic insulat-
ing material can be silicon nitride (SiNx), silicon oxide
(8i0x), titanium oxide (Ti0,), alumina (Al,O,), or zirconia
(Zr0O,). The organic insulating material can be poly siloxane,
phenyl siloxane, polyimide, silsesquioxane, silane, or any
organic insulating material which can be easily used by those
skilled in the art. The organic/inorganic insulating material
can be a mixture of at least one material selected from the
above-described inorganic insulating materials and at least
one material selected from the above-described organic insu-
lating materials, for example, a mixture of silicon oxide
(8i0x) and poly siloxane.

Particularly, an organic insulating material including poly
siloxane and an organic/inorganic insulating material includ-
ing poly siloxane have characteristics such as high thermal
resistance, high optical transparency, and good adhesion to
other layers at about 350° C. or more. The gate insulating
layer 140 including an inorganic insulating material may be
about 2,000 angstroms (A) to about 4,000 A thick, more
preferably about 3,000 A thick. The gate insulating layer 140
including an organic insulating material or an organic/inor-
ganic insulating material may be about 3,000 A to about
50,000 A thick, more preferably about 20,000 A thick. The
thickness dimension is taken perpendicular to the transparent
substrate 110. To insulate the gate electrode 124 from a semi-
conductor layer 154, the gate insulating layer 140 may have
two or more layers, for example, two layers including a sili-
con nitride (SiNx) layer contacting the gate electrode 124 and
a silicon oxide (SiOx) layer contacting the semiconductor
layer 154.

The semiconductor layer 154 is directly on the gate insu-
lating layer 140. The semiconductor layer 154 may include
amorphous silicon, crystalline silicon, or oxide semiconduc-
tor. The semiconductor layer 154 may overlap the gate elec-
trode 124, the source electrode 173, and the drain electrode
175, and forms a channel of the TFT. The TFT’s channel,
through which charges move during an operation of the TFT,
is formed with the semiconductor layer 154 between the
source electrode 173 and the drain electrode 175. The semi-
conductor layer 154 may be about 1,000 A to about 2,500 A
thick, more preferably about 1,700 A thick. The oxide semi-
conductor can be a compound having the formula expressed
as A, B0, or A, B,C,O,, where A may be Zn or Cd, B may
be Ga, Sn or In, and C may be Zn, Cd, Ga, In, or Hf. In
addition, X=0, and A, B, and C are different from one another.
In accordance with another embodiment of the invention, the
oxide semiconductor may be a material selected from the
group consisting of InZnO, InGaO, InSnO, ZnSnO, GaSnO,
GaZnO, GaZnSnO, GalnZnO, HfInZnO, HfZnSnO and ZnO.
An effective mobility of this oxide semiconductor is about 2
to 100 times higher than that of hydrogenated amorphous
silicon.
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A linear ohmic contact material 165 may be directly on the
semiconductor layer 154. The linear ohmic contact material
165 is interposed between the semiconductor layer 154 and
the source electrode 173 or between the semiconductor layer
154 and the drain electrode 175, to lower the contact resis-
tance therebetween. The linear ohmic contact material 165
does not overlap the channel. The linear ohmic contact mate-
rial 165 may be about 200 A to about 500 A thick. The linear
ohmic contact material 165 may be an amorphous silicon
layer containing n-type impurities or an oxide of GaZnO.
When the semiconductor layer 154 includes an oxide semi-
conductor material, the linear ohmic contact material 165
may be omitted, and the source electrode 173 and the drain
electrode 175 may be directly on the semiconductor layer
154.

The source electrode 173 and the drain electrode 175 are
directly on the linear ohmic contact material 165 or the semi-
conductor layer 154 and spaced apart from each other. Each
of the source electrode 173 and the drain electrode 175
includes a main electrode layer 174 and a metal diffusion
preventing layer 177. That is, the source electrode 173
includes a first source electrode layer 174s and a source metal
diffusion preventing layer 177s, and the drain electrode 175
includes a first drain electrode layer 1744 and a drain metal
diffusion preventing layer 177d. The main electrode layer 174
includes the first source electrode layer 174s and the first
drain electrode layer 174d, and the metal diffusion preventing
layer 177 includes the source metal diffusion preventing layer
177s and the drain metal diffusion preventing layer 1774.

The source metal diffusion preventing layer 177s includes
a first source metal diffusion preventing sub-layer 178s and a
second source metal diffusion preventing sub-layer 179s, and
the drain metal diffusion preventing layer 1774 includes a
first drain metal diffusion preventing sub-layer 1784 and a
second drain metal diffusion preventing sub-layer 179d. The
first source metal diffusion preventing sub-layer 178s and the
first drain metal diffusion preventing sub-layer 1784 include
the same material, and are included in a first metal diffusion
preventing sub-layer 178. The second source metal diffusion
preventing sub-layer 179s and the second drain metal diffu-
sion preventing layer sub-1794 include the same material,
and are included in a second metal diffusion preventing sub-
layer 179. Each of the first metal diffusion preventing sub-
layer 178 and the second metal diffusion preventing sub-layer
179 may be about 30 A to about 1000 A thick, more prefer-
ably about 50 A to about 500 A thick.

In accordance with an embodiment of the invention, the
first source electrode layer 174s and the first drain electrode
layer 174d may include the same material as that of the gate
electrode 124, more preferably of copper (Cu). In accordance
with an embodiment ofthe invention, as to the metal diffusion
preventing layer 177, grain boundaries have a discontinuous
N-layer structure (where N=2). The source and drain metal
diffusion preventing layers 177s and 1774 are between the
semiconductor layer 154 and the first source electrode layer
1745, and between the semiconductor layer 154 and the first
drain electrode layer 1744, respectively. The metal diffusion
preventing layer 177 including the source and drain metal
diffusion preventing layers 177s and 177d reduces or effec-
tively prevents metal atoms of the first source electrode layer
1745 and/or the first drain electrode layer 1744 from diffusing
into the semiconductor layer 154. If the metal atoms are
diffused into the semiconductor layer 154, an off-current loff
of the TFT may increase, leading to degradation of the TFT
characteristics.

Inventors of this application have discovered the mecha-
nism in which a TFT suffers from the degradation is described
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below with reference to FIGS. 2A and 2B. FIG. 2A isa TEM
image of a side cross-sectional of a source electrode of the
conventional TFT used for this experiment. More specifically,
FIG. 2A is a TEM image of a side cross-sectional of a source
electrode including copper (Cu), a linear ohmic contact mate-
rial (or an amorphous silicon layer containing n-type impu-
rities), and a metal layer including titanium (Ti) interposed
therebetween. Referring to FIG. 2A, in a certain portion of the
titanium (Ti) layer where copper (Cu) atoms diffuse into the
titanium (Ti) layer, the crystalline structure of the titanium
(Ti) layer is different from that of adjacent titanium (Ti)
layers.

FIG. 2B is a graph illustrating a composition analysis made
by the TOF-SIMS equipment along a thickness direction of a
side cross-sectional ofthe metal layers shown in F1IG. 2A. The
horizontal axis (or x-axis) represents a depth (A) of the metal
layers, i.e., a distance from the copper (Cu) layer to the linear
ohmic contact material. The vertical axis (or y-axis) repre-
sents intensity at which secondary ions are jutting, and atomic
concentration. In the graph shown in FIG. 2B, titanium (Ti)
atoms and silicon (Si) atoms have different intensity values
with respect to the depth corresponding to the horizontal axis,
and copper (Cu) atoms have different atomic concentration
values with respect to the depth corresponding to the horizon-
tal axis. A portion where a value of the horizontal axis, i.e., the
depth (A), is O represents a boundary between the copper (Cu)
layer and the titanium (Ti) layer. A portion where a value of
the horizontal axis is about 300 A is a boundary between the
titanium (Ti) layer and the linear ohmic contact material.
Referring to FIG. 2B, it can be noted that (Cu) atoms of the
copper (Cu) layer diffuse into the titanium (Ti) layer. In
conclusion, it is noted from FIGS. 2A and 2B that (Cu) atoms
of'the source electrode move or diffuse along the grain bound-
aries of the titanium (Ti) layer. Therefore, in order to improve
the reliability of the TFT, it is required to prevent metal atoms
of the main electrode layer 174 from moving along the grain
boundaries of a layer around the main electrode layer 174.

In accordance with an embodiment of the invention, first
grain boundaries 178gb of the first metal diffusion preventing
sub-layer 178 and second grain boundaries 179gb of the
second metal diffusion preventing sub-layer 179 are substan-
tially discontinuous or substantially cross each other. In
accordance with an embodiment of the invention, the first
metal diffusion preventing sub-layer 178 and the second
metal diffusion preventing sub-layer 179 may have a poly-
crystalline structure including grain boundaries in a columnar
structure, including titanium (T1) atoms. In this way, the first
grain boundaries 178gb of the first metal diffusion preventing
sub-layer 178 which are formed by grains having a substan-
tially columnar structure, and the second grain boundaries
179gb of the second metal diffusion preventing sub-layer 179
which are formed by grains having a substantially columnar
structure, substantially discontinuously cross each other in a
direction perpendicular to a lower layer of the TFT, thereby
blocking movements of metal atoms of the main electrode
layer 174, for example, copper atoms or particles. As illus-
trated in FIG. 1, the first and second grain boundaries 178gb
and 179gb alternate with each other in a direction parallel to
the transparent substrate 110.

In accordance with another embodiment of the invention,
of the first metal diffusion preventing sub-layer 178 and the
second metal diffusion preventing sub-layer 179 of the source
electrode 173 and the drain electrode 175, any one metal
diffusion preventing sub-layer may have an amorphous struc-
ture while the other metal diffusion preventing sub-layer may
have a polycrystalline structure including grain boundaries.
The metal diffusion preventing sub-layer having an amor-
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phous structure may include titanium nitride (TiNXx) or tita-
nium oxide (TiOx), while the metal diffusion preventing sub-
layer having a polycrystalline structure may include titanium
(Ti) in a columnar structure. This metal diffusion preventing
sub-layer, which has an amorphous structure in the source
electrode 173 and the drain electrode 175, prevents metal
atoms of the main electrode layer 174, for example, copper
atoms or particles, from diffusing or moving into the semi-
conductor layer 154. An exemplary embodiment of a method
of forming the source electrode 173 and the drain electrode
175 will be described in detail when a description of a TFT
manufacturing method is made.

A protection layer 180 may be directly on the source elec-
trode 173 and the drain electrode 175. The protection layer
180 may include the above-described inorganic insulating
material, organic insulating material, or organic/inorganic
insulating material, included in the gate insulating layer 140.
The protection layer 180 including an inorganic insulating
material may be about 300 A to about 2,000 A thick, more
preferably about 500 A thick. The protection layer 180
including an organic insulating material or an organic/inor-
ganic insulating material may be about 25,000 A to about
35,000 A thick. In accordance with an embodiment of the
invention, the protection layer 180 protecting the channel of
the TFT may include a lower protection layer directly con-
tacting the semiconductor layer 154 and including an inor-
ganic insulating material, and an upper protection layer
directly on the lower protection layer and including an
organic insulating material.

The exemplary embodiments of the metal diffusion pre-
venting layer 177 included in the source electrode 173 and the
drain electrode 175 reduces or effectively prevents the metal
atoms or particles included in the source electrode 173 and the
drain electrode 175 from moving into the semiconductor
layer 154, thereby improving the reliability of the TFT.

Exemplary embodiments of methods for manufacturing
the TFT illustrated in FIG. 1 will now be described in detail
with reference to FIGS. 3 to 13. Descriptions of materials or
structures of the TFT illustrated with reference to FIG. 1 will
be omitted to avoid redundant description. Although methods
of manufacturing a TFT using all the possible materials and
structures mentioned with reference to FIG. 1 will not be
described hereinbelow, it is apparent that those skilled in the
art may easily manufacture a TFT using the above-described
materials and structures. FIGS. 3 to 13 are cross-sectional
views illustrating an exemplary embodiment of a method for
manufacturing the TFT shown in FIG. 1 according to the
invention.

Referring to FIG. 3, a metallic material forming a gate
electrode 124 is stacked on the substrate 110, and patterned to
form the gate electrode 124. An exemplary embodiment of
method of forming the gate electrode 124 having a double-
layer structure that includes a first gate sub-electrode 124a
having titanium (T1) or a titanium (T1) alloy, and a second gate
sub-electrode 1245 having copper (Cu) ora copper (Cu) alloy
according to the invention will now be described in detail
below.

A first gate electrode layer of titanium (Ti) or a titanium
(Ti) alloy, forming the first gate sub-electrode 124a, is stacked
directly on the substrate 110, and a second gate electrode
layer of copper (Cu) or a copper (Cu) alloy, forming the
second gate sub-electrode 1245, is stacked directly on the first
gate electrode layer. The first gate electrode layer may be
about 10 A to about 1,000 A thick, and the second gate
electrode layer may be about 1,000 A to about 7,000 A thick.
A photo resist (not shown) is formed on this double-layer
structure. The photo resist undergoes exposure and develop-
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ment by a mask with a light passing area having a gate
electrode pattern, and a light blocking area. By using the
patterned photo resist as a mask, materials of the first and
second gate electrode layers, which are not covered by the
photo resist, are etched by an etching process such as dry
etching and wet etching, to finally form the gate electrode
124.

In a wet etching process, materials of the first and second
gate electrode layers may be etched together by one etchant,
or may be etched in sequence by independent etchants. In
accordance with an embodiment of the invention, an etchant
for etching a copper (Cu) layer forming the second gate
electrode layer may include persulfate, azole-containing
compounds, oxidation regulator, and composition stabilizer.
The persulfate is the major composition of the oxidizer for
etching the copper (Cu) layer. The persulfate may include at
least one material selected from the group consisting of
ammonium persulfate, potassium persulfate, sodium persul-
fate, oxone, and a mixture thereof. The azole-containing com-
pounds suppress etching of the copper (Cu) layer. The azole-
containing compounds may include at least one material
selected from the group consisting of benzotriazole, aminot-
erazole, imidazole, pyrazole, and a mixture thereof. The oxi-
dation regulator (or an oxidation regulating agent) regulates
oxidation and etching of the copper (Cu) layer. The oxidation
regulator may include nitric acid (HNO;) which is inorganic
acid, and acetic acid (AA) which is organic acid. The com-
position stabilizer reduces decomposition rate of the persul-
fate. The composition stabilizer may include at least one
material selected from the group consisting of methane sul-
fonic acid, nitric acid, phosphoric acid, sulfuric acid, hydro-
chloric acid, and a mixture thereof. In one exemplary embodi-
ment of the invention, the etchant for etching the copper (Cu)
layer includes ammonium persulfate of about 12 wt %, ami-
noterazole of about 1 wt %, nitric acid (HNO,) of about 3
wt %, acetic acid (AA) of about 3.2 wt %, methane sulfonic
acid of'about 0.1 wt %, except for a solvent. The solvent may
be deionized water.

In accordance with an embodiment of the invention, the
etchant for etching the copper (Cu) layer forming the second
gate electrode layer and the titanium (T1) layer forming the
first gate electrode layer together, may include persulfate,
azole-containing compounds, oxidation regulator, composi-
tion stabilizer, and oxidation auxiliary. The persulfate, azole-
containing compounds, oxidation regulator, and composition
stabilizer are the same as those of the etchant for copper (Cu)
layer alone. The oxidation auxiliary quickly etches the copper
(Cu) layer, and etches the titanium (T1) layer or the titanium
(Ti)alloy layer. The oxidation auxiliary may include fluoride-
containing compounds including fluorine (F), for example, at
least one material selected from the group consisting of
hydrofiuoric acid (HF), ammonium fluoride (NH,F), ammo-
nium bifluoride (NH,HF,), potassium fluoride (KF), sodium
fluoride (NaF), calcium hydrogen fluoride (CaHF), sodium
hydrogen fluoride (NaHF,), ammonium fluoride (NH,F),
ammonium hydrogen fluoride (NH,HF2), ammonium flu-
oborate (NH,BF,), potassium fluoride (KF), potassium
hydrogen fluoride (KHF,), aluminum fluoride (AlF,), flu-
oboric acid-borofluoric acid (HBF,,), lithium fluoride (LiF),
potassium fluoroborate (KBF,), calcium fluoride (CaF,),
fluorosilicate (FS), and a mixture thereof, as inorganic acid.
In one exemplary embodiment of the invention, the etchant
for etching the copper (Cu) layer and the titanium (T1) layer
together includes ammonium persulfate of about 12 wt %,
aminoterazole of about 1 wt %, nitric acid (HNO,) of about 3
wt %, acetic acid (AA) of about 3.2 wt %, methane sulfonic
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acid of about 0.1 wt %, hydrofluoric acid (HF) of about 0.5
wt %, except for a solvent. The solvent may be deionized
water.

Referring to FIG. 4, a gate insulating layer 140 including
silicon nitride (SiNx) as described with reference to FIG. 1 is
formed on the gate electrode 124.

Exemplary embodiments of methods of forming the semi-
conductor layer 154, the linear ohmic contact material 165,
the source electrode 173, and the drain electrode 175 will be
described in detail below with reference to FIGS. 5 to 13.
FIGS. 5A to 5C illustrate the stack of the semiconductor layer
154, the linear ohmic contact material 165, the first metal
diffusion preventing sub-layer 178, the second metal diffu-
sion preventing sub-layer 179, and the main electrode layer
174 according to the invention. FIG. 6 illustrates a pattern of
aphoto resist 50 formed on the main electrode layer 174. FIG.
7 illustrates a structure of a TFT, after the main electrode layer
174 or metal diffusion preventing layers 1774, 1776 and 177¢
uncovered by the photo resist 50 shown in FIG. 6 is etched.
FIG. 8 illustrates a structure of the TFT after a photo resist 505
overlapping a channel is removed by an etch back process.
FIG. 9 illustrates a cross-section of the TFT after an active
etching process. FIG. 10 illustrates a cross-section of the TFT
after a second source-drain etching process. FIG. 11 illus-
trates a cross-section of the TFT after a third source-drain
etching process. FIG. 12 illustrates a cross-section of the TFT
after a linear ohmic contact material etching process. FIG. 13
illustrates a cross-section of the TFT after a photo resist 50a
on the source electrode 173 and the drain electrode 175 is
removed.

Exemplary embodiments of methods of stacking the first
metal diffusion preventing sub-layer 178 and the second
metal diffusion preventing sub-layer 179 according to the
invention will be described in detail below with reference to
FIGS. 5A to 5C.

In accordance with the invention, a metal diffusion pre-
venting layer 177a formed by a vacuum break process and a
plasma process will be described in detail with reference to
FIG. 5A. First, an exemplary embodiment of a method of
manufacturing the metal diffusion preventing layer 1774 by
the vacuum break process according to the invention will be
described in detail. The semiconductor layer 154 is formed on
the gate insulating layer 140. The linear ohmic contact mate-
rial 165 may be formed on the semiconductor layer 154. The
metal diffusion preventing layer 177a and the main electrode
layer 174 are formed on the linear ohmic contact material 165
or the semiconductor layer 154.

The semiconductor layer 154 and the linear ohmic contact
material 165 may be formed by chemical vapor deposition
(“CVD”) or sputtering. The semiconductor layer 154 may
include hydrogenated amorphous silicon, crystalline silicon,
or oxide semiconductor, which have described with reference
to FIG. 1, and the linear ohmic contact material 165 may
include an amorphous silicon layer including n-type or p-type
impurities, or an oxide forming an ohmic contact. In one
exemplary embodiment, for example, when the semiconduc-
tor layer 154 includes GalnZnO, the linear ohmic contact
material 165 may include a GaZnO oxide. When the semi-
conductor layer 154 includes an oxide semiconductor mate-
rial, the linear ohmic contact material 165 is optional.

Thereafter, the metal diffusion preventing layer 177a is
formed on the linear ohmic contact material 165 or the semi-
conductor layer 154. The metal diffusion preventing layer
177a includes a first metal diffusion preventing sub-layer
178a and a second metal diffusion preventing sub-layer 1794,
which are stacked in sequence. The main electrode layer 174
is formed on the metal diffusion preventing layer 177a. The
metal diffusion preventing layer 177a and the main electrode
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layer 174 are patterned to form the source electrode 173 and
the drain electrode 175. As described above with reference to
FIGS. 1, 2A and 2B, the first metal diffusion preventing
sub-layer 178a and the second metal diffusion preventing
sub-layer 179a prevent metal atoms of the main electrode
layer 174 from diffusing or moving into the semiconductor
layer 154.

While exemplary embodiments of methods of manufactur-
ing the metal diffusion preventing layer 177a containing tita-
nium (1) and the main electrode layer 174 containing copper
(Cu) according to the invention will be described hereinbe-
low, it is apparent to those skilled in the art may that other
metallic materials may be applied to the metal diffusion pre-
venting layer 177a and the main electrode layer 174.

The first metal diffusion preventing sub-layer 178a con-
taining titanium (T1) is formed by sputtering. The first metal
diffusion preventing sub-layer 1784 may be formed in a sput-
tering chamber with an argon (Ar) atmosphere by using a
titanium (T1) target. The temperature of the chamber may
range from about the room temperature to about 300° C. The
first metal diffusion preventing sub-layer 178q includes the
first grain boundaries 178gb in a columnar structure, which
are formed as its titanium (Ti) grains grow up from the inter-
face with the linear ohmic contact material 165 or the semi-
conductor layer 154 to the surface thereof. The titanium (Ti)
grains in a columnar structure grow up in a direction substan-
tially perpendicular to a lower layer of the TFT, such as the
substrate 110. In another exemplary embodiment of the
invention, except for a certain thickness of the first metal
diffusion preventing sub-layer 178a¢ mixed with the lower
layer, for example, except for about 50 A or less, grain bound-
aries of grains in the titanium (Ti) layer may not substantially
meet each other in a direction where the grains grow up. The
first metal diffusion preventing sub-layer 1784 may be about
30 A to about 1000 A thick, more preferably about 50 A to
about 500 A thick.

Thereafter, the first metal diffusion preventing sub-layer
178a is exposed to the atmospheric pressure by the vacuum
break process. The vacuum break process means a process in
which a vacuum-deposited film is put under the atmospheric
pressure after undergoing deposition in the vacuum sputter-
ing chamber. The vacuum break process time may be about 10
seconds or more, more preferably about 30 seconds to 24
hours.

After the vacuum break process is completed, the second
metal diffusion preventing sub-layer 179a is stacked directly
on the first metal diffusion preventing sub-layer 178« in the
sputtering chamber. The double layer including the first metal
diffusion preventing sub-layer 178a and the second metal
diffusion preventing sub-layer 179a together constitute the
metal diffusion preventing layer 177a. A method of forming
the second metal diffusion preventing sub-layer 1794 is the
same as the method of forming the first metal diffusion pre-
venting layer sub-178a, so a description thereof is omitted.
After the vacuum break process is performed in this way, the
second grain boundaries 179g5 of the second metal diffusion
preventing sub-layer 179q are formed to be substantially dis-
continuous with respect to the first grain boundaries 178gb in
a direction parallel to the direction where the grains grow up.
That is, as an interface, for example, grain boundaries are
formed between the first metal diffusion preventing sub-layer
178a and the second metal diffusion preventing sub-layer
179a, the second grain boundaries 179¢b and the first grain
boundaries 178gb are formed discontinuously (e.g., alternate
in a direction parallel to the substrate 110). The metal diffu-
sion preventing layer 177a including the discontinuous or
alternating grain boundaries 178gh and 179¢b reduces or
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effectively prevents metal atoms of the main electrode layer
174 from diffusing or moving into the semiconductor layer
154.

The main electrode layer 174 is stacked directly on the
second metal diffusion preventing sub-layer 1794. In one
exemplary embodiment of the invention, the main electrode
layer 174 contains copper (Cu). The main electrode layer 174
containing copper (Cu) may be formed in a vacuum chamber
having a copper (Cu) target and an argon (Ar) atmosphere by
the sputtering technique. The main electrode layer 174 may
be about 1,000 A to about 10,000 A thick, more preferably
about 4,000 A to about 6,000 A thick.

Another exemplary embodiment of a method of forming
the metal diffusion preventing layer 177a by a plasma process
according to the invention will be described in detail herein-
below. The method of forming the metal diffusion preventing
layer 177a by the plasma process is substantially similar to
the method of forming the metal diffusion preventing layer
177a by the vacuum break process, described with reference
to FIG. 5A, except that the interface between the first metal
diffusion preventing sub-layer 178a and the second metal
diffusion preventing sub-layer 1794 undergoes plasma treat-
ment by a gas. A detailed description thereof will be omitted
to avoid redundant description. Like in the method described
with reference to F1G. 5A, the first metal diffusion preventing
sub-layer 178a containing titanium (Ti) is stacked on the
linear ohmic contact material 165 or the semiconductor layer
154 by sputtering. Thereafter, in an exemplary embodiment
of the invention, the surface of the first metal diffusion pre-
venting sub-layer 1784 undergoes plasma treatment by an
inert gas such as nitrogen (N,), oxygen (O,) or argon (Ar) gas
by CVD. The plasma-treated surface of the first metal diffu-
sion preventing sub-layer 1784 has amorphous characteris-
tics. The plasma treatment time may be about 5 seconds to
about 60 seconds.

The second metal diffusion preventing sub-layer 1794 is
formed on the plasma-treated first metal diffusion preventing
sub-layer 178a. A method of forming the second metal dif-
fusion preventing sub-layer 179a is the same as the method
described with reference to FIG. 5A, so a detailed description
thereof is omitted. As to the formed metal diffusion prevent-
ing layer 177a, since the interface between the first metal
diffusion preventing sub-layer 178a and the second metal
diffusion preventing sub-layer 179a is discontinuous, first
grain boundaries 178gb of the first metal diffusion preventing
sub-layer 178a having grains in a columnar structure, and
second grain boundaries 179g5 of the second metal diffusion
preventing sub-layer 179a having grains in a columnar struc-
ture define a double-layer structure which is substantially
discontinuous in a direction perpendicular to a lower layer.
The main electrode layer 174 is stacked directly on the second
metal diffusion preventing sub-layer 179a.

A method of forming the main electrode layer 174 is the
same as the method described with reference to FIG. 5A, so a
description thereof is omitted. The formed metal diffusion
preventing layer 177a reduces or effectively prevents metal
atoms of the main electrode layer 174 from diffusing or
moving into the semiconductor layer 154.

An exemplary embodiment of a method of manufacturing
metal diffusion preventing layers 1775 and 177¢, any one of
whose metal diffusion preventing sub-layers 1786 and 178c¢,
and 1796 and 179¢ have an amorphous structure, will be
described in detail hereinbelow with reference to FIGS. 5B
and 5C.

First, the metal diffusion preventing sub-layer 1785 con-
tacting the linear ohmic contact material 165 or the semicon-
ductor layer 154 and having an amorphous structure will be
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described in detail with reference to FIG. 5B. The first metal
diffusion preventing sub-layer 1785 having an amorphous
structure is stacked on the linear ohmic contact material 165
or the semiconductor layer 154. The first metal diffusion
preventing sub-layer 1786 may include titanium nitride
(TiNx) or titanium oxide (TiOx). The titanium nitride (TiNx)
may be formed in a chamber with an argon (Ar) and nitrogen
(N2) atmosphere by using sputtering having a titanium (T1)
target. The titanium oxide (TiOx) may be formed in a cham-
ber with an argon (Ar) and oxygen (O,) atmosphere. The
temperature of the chamber may range from about the room
temperature to about 300° C. The formed titanium nitride
(TiNx) or titanium oxide (TiOx) has an amorphous structure.
The first metal diffusion preventing sub-layer 1785 may be
about 30 A to about 1000 A thick, more preferably about 50
A to about 500 A thick.

Thereafter, the second metal diffusion preventing sub-
layer 1795 is formed on the first metal diffusion preventing
sub-layer 178b. In one exemplary embodiment of the inven-
tion, the second metal diffusion preventing sub-layer 1796
includes a plurality of titanium (Ti) grains. A method of
forming the second metal diffusion preventing sub-layer
1795 is the same as the method of forming the second metal
diffusion preventing sub-layer 179a, which has been
described with reference to FIG. 5A, so its deposition method
will be omitted. The second grain boundaries 179¢b of the
second metal diffusion preventing sub-layer 1796 have a
columnar structure where the second metal diffusion prevent-
ing sub-layer 1795 grows up from the interface with the linear
ohmic contact material 165 or the semiconductor layer 154 to
the upper surface of the second metal diffusion preventing
sub-layer 1795. The formed double layer including the first
metal diffusion preventing sub-layer 1785 and the second
metal diffusion preventing sub-layer 1795 together constitute
the metal diffusion preventing layer 1775. The amorphous
first metal diffusion preventing sub-layer 1785 blocks metal
atoms of the main electrode layer 174, which diffuse or move
along the second grain boundaries 179g5 of the second metal
diffusion preventing sub-layer 1795, thereby blocking the
metal atoms of the main electrode layer 174 from contami-
nating the semiconductor layer 154 and thus improving the
reliability of the TFT.

In one exemplary embodiment of the invention, the second
metal diffusion preventing sub-layer 1796 may be formed
after the upper surface of the first metal diffusion preventing
sub-layer 1785 undergoes plasma treatment by an inert gas
such as nitrogen (N,), oxygen (O,) or argon (Ar) gas. Because
it underwent plasma treatment, the upper surface of the first
metal diffusion preventing sub-layer 1785 is rough, so the
amorphous structure of the first metal diffusion preventing
sub-layer 1786 and the crystalline structure of the second
metal diffusion preventing sub-layer 17956 are more discon-
tinuous. The main electrode layer 174 is stacked on the sec-
ond metal diffusion preventing sub-layer 1795. A method of
forming the main electrode layer 174 is the same as the
method described with reference to FIG. 5A, so a description
thereof is omitted.

Next, an exemplary embodiment of a method of forming an
amorphous metal diffusion preventing sub-layer 179c¢
between two metal layers 178¢ and 174 will be described in
detail with reference to FIG. 5C. In one exemplary embodi-
ment of the invention, the one metal layer 178¢ of the two
metal layers 178¢ and 174 includes titanium (Ti), and the
other metal layer 174 includes copper (Cu). The amorphous
metal diffusion preventing sub-layer 179¢ includes titanium
nitride (TiNx) or titanium oxide (TiOx).

10

15

20

25

30

35

40

45

50

55

60

65

14

The first metal diffusion preventing sub-layer 178¢ is
stacked on the linear ohmic contact material 165 or the semi-
conductor layer 154. The first metal diffusion preventing
sub-layer 178¢ contains titanium (T1), and may be formed like
the first metal diffusion preventing sub-layer 178a described
with reference to FIG. S5A. Thereafter, the second metal dif-
fusion preventing sub-layer 179¢ is formed on the first metal
diffusion preventing sub-layer 178¢. The second metal diffu-
sion preventing sub-layer 179¢ contains titanium nitride
(TiNx) or titanium oxide (TiOx), and may be formed in the
same method as the method of manufacturing the first metal
diffusion preventing sub-layer 1786, which has been
described with reference to FIG. 5B. The formed amorphous
second metal diffusion preventing sub-layer 179¢ reduces or
effectively prevents metal atoms of the main electrode layer
174 from diffusing or moving into the semiconductor layer
154, thereby improving the reliability of the TFT.

In one exemplary embodiment of the invention, the upper
surface of the first metal diffusion preventing sub-layer 178¢
may undergo plasma treatment as described with reference to
FIG. 5B. The main electrode layer 174 is stacked on the
second metal diffusion preventing sub-layer 179¢. The form-
ing method and characteristics of the main electrode layer
174 are the same as those described with reference to FIG.
5A. Exemplary embodiments of the methods of stacking the
semiconductor layer 154, the linear ohmic contact material
165, the first metal diffusion preventing sub-layer 178, the
second metal diffusion preventing sub-layer 179, and the
main electrode layer 174 in sequence according to the inven-
tion have been described so far.

FIGS. 6 to 13 illustrate an exemplary embodiment of a
method of forming patterns of the source electrode 173 and
the drain electrode 175. An exemplary embodiment of the
method of forming patterns of the source electrode 173 and
the drain electrode 175 will be described hereinbelow with
reference to the structures of the metal diffusion preventing
layer and the main electrode layer described in FIG. 5A in
order to avoid redundant description. Itis to be noted that even
for the structures of the metal diffusion preventing layer and
the main electrode layer described in FIGS. 5B and 5C, pat-
terns of the source electrode 173 and the drain electrode 175
are formed as described below.

First, a method of forming a pattern of the photo resist 50
formed on the main electrode layer 174 will be described in
detail with reference to FIG. 6. The patterned photo resist 50
has a thick first portion 50a and a relatively thin second
portion 505. That is, a thickness of the first portion 50a is
larger than a thickness of the second portion 505. The photo
resist 50 is developed and patterned by the amount or inter-
ference of the light transmitting a mask (not shown), to have
patterns of the first portion 504 and the second portion 505.
The amount of the transmitting light may be determined by a
mask including slit patterns, grid patterns, or a semitranspar-
ent layer. In the alternative, the photo resist 50 may be pat-
terned using interference of the light transmitting slit patterns
some of which are 180°-phase delayed patterns. The second
portion 505 corresponds to a channel region of the TFT.

FIG. 7 illustrates a structure after the main electrode layer
174 and/or the metal diffusion preventing layers 1774, 1776
and 177¢, uncovered by the photo resist 50, are etched out. A
first etching method of etching the main electrode layer 174
and the metal diftfusion preventing layer 177a, uncovered by
the photo resist 50, will be described regarding each of the
embodiments illustrated in FIGS. 5A to 5C.

First, in the structure shown in FIG. 5A, the main electrode
layer 174 including copper (Cu) and the metal diffusion pre-
venting layer 177a including titanium (Ti) may be etched by
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the etchant for simultaneously etching copper (Cu) and tita-
nium (Ti) metals, which has been described with reference to
FIG. 3. In the structure shown in FIG. 5B, the main electrode
layer 174 including copper (Cu) and the second metal diffu-
sion preventing sub-layer 1795 including titanium (Ti) may
be etched by the etchant for simultaneously etching copper
(Cu) and titanium (Ti) metals, which has been described with
reference to FIG. 3. Thereafter, the first metal diffusion pre-
venting sub-layer 1785 including titanium nitride (TiNX) or
titanium oxide (TiOx) may be patterned by a dry etching
method that uses a mixed gas including a sulfur hexafluoride
gas (SF) and a chlorine gas (Cl,), or a mixed gas including a
chlorine gas (Cl,) and a boron trichloride gas (BCl,). For
example, a mixing ratio of an SF gas to a Cl, gas may be
about 1:14, and a mixing ratio of a Cl, gas to a BCl; gas may
be 1:2. In the structure shown in FIG. 5C, the main electrode
layer 174 including copper (Cu) may be etched by the etchant
for etching a copper (Cu) metal, which has been described
with reference to FIG. 3. Thereafter, the second metal diffu-
sion preventing sub-layer 179¢ including titanium nitride
(TiNx) or titanium oxide (TiOx) and the first metal diffusion
preventing sub-layer 178¢ including titanium (Ti) may be
etched by the above-described method for dry-etching the
second metal diffusion preventing sub-layer 1795 in the
structure of FIG. 5B. The main electrode layer 174 and the
metal diffusion preventing layer 177, which are etched by
using the photo resist 50 as a mask in this manner, have a
structure illustrated in FIG. 7.

FIG. 8 illustrates a cross-section after a photo resist 505
overlapping a channel portion is removed by an etch back
process. That is, the main electrode layer 174 overlapping the
channel portion is exposed by the etch back process. The etch
back process is a process of uniformly removing the photo
resists 50 (50a and 5056) by a predetermined thickness by
known ashing. The predetermined thickness may be a thick-
ness of the photo resist 506 overlapping the channel portion.

FIG. 9 illustrates a cross-section of the TFT after an active
etching process. The semiconductor layer 154 and the linear
ohmic contact material 165 formed on outer sides of the
source electrode 173 and the drain electrode 175 are removed
by the active etching process. The active etching process may
be performed by a dry etching method using a mixed gas
including a mixture of an SF gas with a Cl, gas in a ratio of
about 1:4. The surface of the gate insulating layer 140 may be
slightly removed by the active etching process.

FIG. 10 illustrates a cross-section of the TF'T after a second
source-drain etching process. The main electrode layer 174
overlapping the channel portion and uncovered by the photo
resist 50 is etched by the second source-drain etching process.
In one exemplary embodiment of the invention, the main
electrode layer 174 including copper (Cu) metal may be
etched by the wet etching method using a copper (Cu)
etchant, which has been described with reference to FIG. 3.

FIG. 11 illustrates a cross-section of the TFT after a third
source-drain etching process. The metal diffusion preventing
layers 177 (177a, 177b, and 177¢) overlapping the channel
portion are etched by the third source-drain etching process.
The third source-drain etching process may be performed by
a dry etching method. In one exemplary embodiment of the
invention, the first and second metal diffusion preventing
sub-layers 178a, 179a, 178b,1795,178¢, and 179¢ including
titanium (Ti), titanium nitride (TiNx) or titanium oxide
(TiOx) may be patterned by being simultaneously etched by
the dry etching method that uses a mixed gas including a
mixture of an SF gas with a Cl, gas in a ratio of about 1:14.
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By performing the third source-drain etching process using
dry etching, channels of TFTs may be formed to have a
uniform length.

FIG. 12 illustrates a cross-section of the TFT after a linear
ohmic contact material etching process. The linear ohmic
contact material 165 formed on the channel portion of the
TFT is removed by the linear ohmic contact material etching
process, thereby forming the channel portion of the TFT. That
is, the first metal diffusion preventing sub-layer 178 is sepa-
rated into a first source metal diffusion preventing sub-layer
178s and a first drain metal diffusion preventing sub-layer
178d by the channel portion; the second metal diffusion pre-
venting sub-layer 179 is separated into a second source metal
diffusion preventing sub-layer 179s and a second drain metal
diffusion preventing sub-layer 179d; and the main electrode
layer 174 is separated into a first source electrode layer 174s
and a first drain electrode layer 174d. The linear ohmic con-
tact material etching process may be performed by the dry
etching method that uses a mixed gas including a mixture of
an SF gas with a Cl, gas in a ratio of about 1:1. The surface
of'the semiconductor layer 154 corresponding to the channel
portion ofthe TFT may be partially etched by the linear ohmic
contact material etching process. As the surface of the semi-
conductor layer 154 is partially etched, on/off characteristics
of'the TFT may be improved.

FIG. 13 illustrates a cross-section of the TFT after the
photo resist 50a on the first source electrode layer 174s and
the first drain electrode layer 1744 is removed. The photo
resist 50a is removed after the source electrode 173 and the
drain electrode 175 are formed.

Thereafter, as illustrated in FIG. 1, a protection layer 180 is
formed on the source electrode 173 and the drain electrode
175. The protection layer 180 may include the same materials
as the above-described materials of the gate insulating layer
140. The protection layer 180 protects and insulates the
source electrode 173, the drain electrode 175, and the channel
of the semiconductor layer 154.

In this manner, the metal diffusion preventing layers 177a,
1775, and 177¢ included in the source electrode 173 and the
drain electrode 175 reduce or effectively prevent metal atoms
of the first source electrode layer 174s and the first drain
electrode layer 174d from moving into the semiconductor
layer 154. The TFT manufactured by the exemplary embodi-
ments of the invention has excellent on/off characteristics
even after driven for a long time.

An exemplary embodiment of a TFT panel 100 according
to the invention will be described hereinbelow with reference
to FIGS. 14 to 15. The TFT and its manufacturing methods
described above with reference to FIGS. 1to 13 may be used
in manufacturing a TFT panel. Therefore, redundant descrip-
tions will be omitted in describing the TFT panel. FIG. 14 is
aplan view of an exemplary embodiment of a TFT panel 100
according to the invention. FIG. 15 is a cross-sectional view
taken along line 15-15' on the TFT panel 100 shown in FIG.
14.

A gate layer conductor including a plurality of gate lines
121, a plurality of gate electrodes 124, and a plurality of
storage electrode lines 125 is on the substrate 110 including a
glass or plastic material. The substrate 110 is about 0.2 mil-
limeter (mm) to about 0.7 mm thick. The plurality of gate
lines 121 mainly extend in the horizontal direction and trans-
fer gate signals. Fach of the plurality of gate lines 121
includes a plurality of gate electrodes 124 protruding from the
gate line 121. The storage electrode line 125 transfers a com-
mon voltage Vcom, for example, a direct current (“DC”), or
predetermined swing voltages having two or more levels. In
one exemplary embodiment of the invention, the gate layer
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conductor has a double-layer structure including a first gate
sub-electrode 124a and a second gate sub-electrode 1245.
The first gate sub-electrode 124a may be about 10 A to about
500 A thick and may include titanium (Ti), while the second
gate sub-electrode 124h may be about 1000 A to about 7000
A thick, and may include copper (Cu).

The gate insulating layer 140 is on the gate layer conductor.
The gate insulating layer 140 includes a structure and is
formed as described above with reference to FIG. 1.

The semiconductor layer 154 is on the gate insulating layer
140 as described above with reference to FIG. 1.

The linear ohmic contact material 165 is on the semicon-
ductor layer 154 as described above with reference to FIG. 1.
In another exemplary embodiment of the invention, the linear
ohmic contact material 165 is omitted.

A data layer conductor including a data line 171, the source
electrode 173, and the drain electrode 175 is on the linear
ohmic contact material 165 or the semiconductor layer 154.
In one exemplary embodiment of the invention, the data layer
conductor has a triple-layer structure as illustrated in FIG. 15.
That is, the data layer conductor includes a double-layered
metal diffusion preventing layer 177 and a single-layered
main electrode layer 174. The data line 171 has a first data
wiring layer 174z and a data metal diffusion preventing layer
177t. The source electrode 173 has a first source electrode
layer 174s and a source metal diffusion preventing layer 177s,
and the drain electrode 175 has a first drain electrode layer
174d and a drain metal diffusion preventing layer 1774. The
data line 171 is connected to a data driver (not shown) and
transfers a data voltage corresponding to an image signal to
the source electrode 173.

The main electrode layer 174 includes the first data wiring
layer 174z, the first source electrode layer 174s, and the first
drain electrode layer 174d. The first data wiring layer 174z,
the first source electrode layer 174s, and the first drain elec-
trode layer 174d may include the same material, and/or may
be simultaneously deposited.

The metal diffusion preventing layer 177 includes the data
metal diffusion preventing layer 177¢, the source metal diffu-
sion preventing layer 177s, and the drain metal diffusion
preventing layer 177d. As described above, the metal diffu-
sion preventing layer 177 reduces or effectively prevents
metal atoms of the main electrode layer 174 from diffusing
into the semiconductor layer 154.

The data metal diffusion preventing layer 177¢ includes a
first data metal diffusion preventing sub-layer 178¢, and a
second data metal diffusion preventing sub-layer 179¢ on the
first data metal diffusion preventing sub-layer 178z. The
source metal diffusion preventing layer 177s includes a first
source metal diffusion preventing sub-layer 178s, and a sec-
ond source metal diffusion preventing sub-layer 179s on the
first source metal diffusion preventing sub-layer 178s.

First grain boundaries of the first source metal diffusion
preventing sub-layer 178s and second grain boundaries of the
second source metal diffusion preventing sub-layer 179s are
discontinuous. The drain metal diffusion preventing layer
177d includes a first drain metal diffusion preventing sub-
layer 1784, and a second drain metal diffusion preventing
sub-layer 1794 on the first drain metal diffusion preventing
sub-layer 178d. First grain boundaries of the first drain metal
diffusion preventing sub-layer 1784 and second grain bound-
aries of the second drain metal diffusion preventing sub-layer
1794 are discontinuous.

The first data metal diffusion preventing sub-layer 1787, the
first source metal diffusion preventing sub-layer 178s, and the
first drain metal diffusion preventing sub-layer 1784 included
in a first metal diffusion preventing sub-layer 178 may
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include the same material, and/or may be simultaneously
deposited by the same material. The second data metal diffu-
sion preventing sub-layer 179¢, the second source metal dif-
fusion preventing sub-layer 179s, and the second drain metal
diffusion preventing sub-layer 1794 of the second metal dif-
fusion preventing sub-layer 179 may include the same mate-
rial, and/or may be simultaneously deposited. Each of the first
and second metal diffusion preventing sub-layers 178 and
179 may be about 30 A to about 1000 A thick, more prefer-
ably about 50 A to about 500 A thick.

In one exemplary embodiment of the invention, as
described above with reference to FIGS. 1 and 5A, the main
electrode layer 174 may include copper (Cu), while the first
and second metal diffusion preventing sub-layers 178 and
179 may include titanium (Ti). The first and second metal
diffusion preventing sub-layers 178 and 179 may have inde-
pendent polycrystalline structures including grain boundaries
in a columnar structure. The first grain boundaries of the first
metal diffusion preventing sub-layer 178 and including tita-
nium (Ti), and the second grain boundaries of the second
metal diffusion preventing sub-layer 179 and including tita-
nium (T1) are discontinuously arranged, thereby reducing or
effectively preventing copper (Cu) atoms of the main elec-
trode layer 174 from diffusing into the semiconductor layer
154.

In another exemplary embodiment of the invention, as
described above with reference to FIG. 1, and 5B or 5C, the
main electrode layer 174 may include copper (Cu), and any
one of the first and second metal diffusion preventing sub-
layers 178 and 179 may include titanium nitride (TiNx) or
titanium oxide (TiOx) in an amorphous structure, while the
other metal diffusion preventing layer may include titanium
(Ti) in a polycrystalline structure. The first and second metal
diffusion preventing sub-layers 178 and 179 reduce or effec-
tively prevent the diffusion of copper (Cu) atoms if the main
electrode layer 174, ensuring excellent switching capabilities
of'the TFT panel 100.

A protection layer 180 is on the data layer conductor. The
protection layer 180 may include the materials described
above with reference to FIGS. 1 and 3. The protection layer
180 has a plurality of contact holes 185 exposing one ends of
drain electrodes 175.

A plurality of pixel electrodes 191 is on the protection layer
180. A pixel electrode 191 is electrically connected to the
drain electrode 175 via a contact hole 185, and receives a data
voltage from the drain electrode 175. The pixel electrode 191,
to which a data voltage is applied, generates an electric field
together with a common electrode (not shown) receiving a
common voltage, thereby determining directions of liquid
crystal molecules in a liquid crystal layer (not shown)
between the two electrodes. The liquid crystal layer between
the pixel electrode 191 and the common electrode forms a
liquid crystal capacitor, and maintains the data voltage even
after the TFT is turned off. The pixel electrode 191 may form
a storage capacitor by overlapping the storage electrode line
125, thereby enhancing the liquid crystal capacitor’s ability to
maintain a voltage. The pixel electrode 191 may include a
transparent conductor such as indium tin oxide (“ITO”) and
indium zinc oxide (“IZ0”). The manufactured TFT panel
may have low-resistance wirings, and maintain the outstand-
ing characteristics of TFTs for a long time.

An exemplary embodiment of a structure of a wiring or an
electrode according to the invention will be described herein
below with reference to FIG. 16. FIG. 16 illustrates a cross-
section of a wiring or an electrode according to the invention.
The structure of a wiring or an electrode illustrated in FIG. 16
is an example in which the wiring or the electrode are directly
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on a substrate 110. In the alternative, the wiring/electrode
structure according to the invention may be on a circuit ele-
ment previously on the substrate 110, or on a part of the circuit
element. The wiring or the electrode illustrated in FIG. 16
may be manufactured by the TFT manufacturing methods
described above with reference to FIGS. 1 to 13, so a detailed
description of a manufacturing method will be omitted. As
illustrated in F1G. 16, a wiring insulating layer 140-1 is on the
substrate 110 including a glass or plastic material. The wiring
insulating layer 140-1 may include silicon nitride (SiNx) and
may be formed by CVD. The wiring insulating layer 140-1
may be about 200 nanometers (nm) to about 500 nm thick.

A first wiring metal diffusion preventing sub-layer 1781 is
directly on the wiring insulating layer 140-1, and a second
wiring metal diffusion preventing sub-layer 1791 is on the
first wiring metal diffusion preventing sub-layer 1781. The
first and second wiring metal diffusion preventing sub-layers
1781 and 1791 may be formed by the method of manufactur-
ing the metal diffusion preventing layer 177, which has been
described with reference to FIGS. 5A to 5C, and may be
patterned by the photo resist, the mask, and the etching
method, which have been described with reference to FIGS. 6
to 13.

A wiring or electrode layer 174-1 is on the first or second
wiring metal diffusion preventing sub-layer 1781 or 1791. In
one embodiment of the invention, the wiring or electrode
layer 174-1 includes copper (Cu). The wiring or electrode
layer 174-1 is narrower or smaller than the first or second
wiring metal diffusion preventing sub-layer 1781 or 1791.
The wiring or electrode layer 174-1 including copper (Cu)
may be formed by the method described above with reference
to FIGS. 5A to 5C, and may be patterned by the photo resist,
the mask, and the etching method, which have been described
with reference to FIGS. 6 to 13.

A third wiring metal diffusion preventing sub-layer 179«
covers upper and side surfaces of the wiring or electrode layer
174-1, and a fourth wiring metal diffusion preventing sub-
layer 178u covers outer surfaces of the third wiring metal
diffusion preventing sub-layer 179u. The wiring or electrode
layer 174-1 is surrounded by the first wiring metal diffusion
preventing sub-layer 1781, the second wiring metal diffusion
preventing sub-layer 1791, the third wiring metal diffusion
preventing sub-layer 179u, and the fourth wiring metal diffu-
sion preventing sub-layer 178u, such that no portion of the
wiring or electrode layer 174-1 is exposed. In the wiring/
electrode structure of the illustrated embodiment, the first,
second, third and fourth wiring metal diffusion preventing
sub-layers 178/, 179/, 179u, and 178u reduce or eftectively
prevent diffusion of metal atoms of the wiring or electrode
layer 174-1. If this wiring/electrode structure is applied to a
circuit, metal atoms, for example, copper (Cu) atoms of a
wiring or an electrode may be reduced or effectively pre-
vented from diffusing into adjacent circuit elements, avoiding
degradation of characteristics of the circuit elements. This
wiring/electrode structure may be applied to gate electrodes,
or source and drain electrodes included in TFTs including
amorphous silicon or polycrystalline silicon.

In one exemplary embodiment of the invention, the wiring
or electrode layer 174-1 includes copper (Cu), and the first,
second, third and fourth wiring metal diffusion preventing
sub-layers 178/, 179/, 179u, and 178 include titanium (T1).
The first wiring metal diffusion preventing sub-layer 1781
and the fourth wiring metal diffusion preventing sub-layer
1784 may include the same material, and the second wiring
metal diffusion preventing sub-layer 1791 and the third wir-
ing metal diffusion preventing sub-layer 179# may include
the same material.
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In one exemplary embodiment of the invention, the first,
second, third and fourth wiring metal diffusion preventing
sub-layers 178/, 179/, 179u, and 178u may include polycrys-
talline structures including grain boundaries in a columnar
structure. Polycrystalline first grain boundaries of the first
wiring metal diffusion preventing sub-layer 178/ and poly-
crystalline second grain boundaries of the second wiring
metal diffusion preventing sub-layer 179/ are discontinuous.
Polycrystalline first grain boundaries of the fourth wiring
metal diffusion preventing sub-layer 178« and polycrystal-
line second grain boundaries of the third wiring metal diffu-
sion preventing sub-layer 179« are discontinuous. Because of
the discontinuous first grain boundaries and second grain
boundaries, copper (Cu) atoms of the wiring or electrode
layer 174-1 may not be diffused to other layers.

In another exemplary embodiment of the invention, any
one of the first and second wiring metal diffusion preventing
sub-layers 178/ and 179/ may include titanium nitride (TiNx)
ortitanium oxide (TiOx) in an amorphous structure, while the
other metal diffusion preventing layer may include titanium
(Ti) in a polycrystalline structure. Similarly, any one of the
fourth and third wiring metal diffusion preventing sub-layers
178« and 179% may include titanium nitride (TiNx) or tita-
nium oxide (TiOx) in an amorphous structure, while the other
metal diffusion preventing layer may include titanium (Ti) in
a polycrystalline structure. The first wiring metal diffusion
preventing sub-layer 178/ and the fourth wiring metal diffu-
sion preventing layer sub-178x may include the same mate-
rial, and the second wiring metal diffusion preventing sub-
layer 179/ and the third wiring metal diffusion preventing
sub-layer 179z may include the same material. The formed
wiring metal diffusion preventing sub-layers 178/, 179/,
178u, and 179u prevent copper (Cu) atoms of the wiring or
electrode layer 174-1 from diffusing into other layers, ensur-
ing high reliability of circuit elements including this wiring/
electrode structure.

As is apparent from the foregoing description, in accor-
dance with the exemplary embodiments of the TFT and
manufacturing methods thereof according to the invention,
metal atoms of electrode layers may not be diffused into a
semiconductor layer of the TFT, ensuring the high reliability
characteristics of the TFT.

In addition, the TFT panel of the invention has wirings
including low-resistance materials, thereby reducing the pos-
sible signal delays caused by wiring resistance.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A thin film transistor comprising:

a gate electrode;

a gate insulating layer on the gate electrode;

a semiconductor on the gate insulating layer;

a drain electrode and a source electrode on the semicon-
ductor and spaced apart from each other; and

each of the drain electrode and the source electrode com-
prises:

a first metal diffusion preventing layer on the gate insu-
lating layer, wherein the first metal diffusion prevent-
ing layer prevents diffusion of metal atoms, and

a second metal diffusion preventing layer on the first
metal diffusion preventing layer;



US 9,245,966 B2

21

wherein

at least one of the first and second metal diffusion prevent-
ing layers includes grains in a columnar structure which
areina direction substantially perpendicular to the semi-
conductor,

any of the first and second metal diffusion preventing lay-

ers contains polycrystalline titanium, the polycrystalline
titanium having a plasma-treated surface layer of a tita-
nium oxide (TiOx) amorphous structure, and

first grain boundaries of the first metal diffusion preventing

layer and second grain boundaries of the second metal
diffusion preventing layer are substantially discontinu-
ous in a direction perpendicular to the semiconductor,
the first and second metal diffusion preventing layers
having the plasma-treated surface layer of the titanium
oxide (TiOx) amorphous structure therebetween.

2. The thin film transistor of claim 1, wherein each of the
drain electrode and the source electrode further comprises a
main electrode layer including copper (Cu), the first and
second metal diffusion preventing layers between the semi-
conductor and the main electrode layer.

3. The thin film transistor of claim 1, wherein each of the
first and second metal diffusion preventing layers is about 50
A to about 500 A thick.

4. The thin film transistor of claim 1, wherein the first metal
diffusion preventing layer is in direct contact with the semi-
conductor.

5. The thin film transistor of claim 4, further comprising a
linear ohmic contact material on the semiconductor, wherein
the first metal diffusion preventing layer is in direct contact
with the linear ohmic contact material.

6. The thin film transistor of claim 1, wherein the first metal
diffusion preventing layer is titanium (T1).

7. The thin film transistor of claim 1, wherein the second
metal diffusion preventing layer includes titanium (Ti).

8. A thin film transistor panel comprising:

a gate electrode connected to a gate wiring on an insulating

substrate;
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a gate insulating layer on the gate electrode;

a semiconductor on the gate insulating layer;

a drain electrode and a source electrode on the semicon-

ductor and spaced apart from each other; and

a pixel electrode connected to the drain electrode and the

source electrode;

wherein each of the drain electrode and the source elec-

trode includes a first metal diffusion preventing layer, a
second metal diffusion preventing layer, and a source-
drain layer on the second metal diffusion preventing
layer; and

wherein

at least one of the first and second metal diffusion prevent-

ing layers includes grains in a columnar structure, which
are in a direction substantially perpendicular to the semi-
conductor,

any of the first and second metal diffusion preventing lay-

ers contains polycrystalline titanium, the polycrystalline
titanium having plasma-treated surface layer of a tita-
nium oxide (TiOx) amorphous structure, and

first grain boundaries of the first metal diffusion preventing

layer and second grain boundaries of the second metal
diffusion preventing layer are substantially discontinu-
ous in a direction perpendicular to the semiconductor,
the first and second metal diffusion preventing layers
having the plasma-treated surface layer of the titanium
oxide (TiOx) amorphous structure therebetween.

9. The thin film transistor panel of claim 8, wherein the first
metal diffusion preventing layer is between the semiconduc-
tor and the second metal diffusion preventing layer.

10. The thin film transistor panel of claim 9, wherein the
first and second metal diffusion preventing layers include
titanium (Ti), and the source-drain layer includes copper
(Cu).

11. The thin film transistor panel of claim 10, wherein each
of the first and second metal diffusion preventing layers
includes the grains in a columnar structure.
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